In this paper, we report the first experiment on nonlinear optical excitation of surface excitonpolaritons. We show that the surface exciton-polariton waves are radia-6 tive because of sur'face roughness, and detection of the radiative surface waves enables us to measure both dispersion and damping of the surface exciton-polaritons.
Surface polaritons only exist in the reststrahlen band of a crystal. For a semi-infinite anisotropic crystal "b" bounded by an isotropic medium "a", the dispersion relation for polaritons is given by 7 (we use the notations of Ref. 
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e: e: -e:Z x x · bx bz a (1) where e:bx and e:bz are respectively the dielectric constants of the crystal along the surface wave propagation directionx and along the surface normal z. Surface polaritons only exist when e: < 0 and e: > e: or bx bz a e:bz < O.
As shown in Ref. 4 , if the crystal lacks inversion symmetry, optical
"""" instead, if k~-K~ is larger than k~(w) and kb(w), a surface TM wave can be excited. When sufficiently s~rong damping is present, the excited surface wave in the crystal is given by (assuming P(
where A and k's are defined in Ref. 4 . A surface polariton wave propagating on a smooth surface is of course nonradiative. In the presence of surface roughness, it can however be coupled out into a radiative mode.
The radiative output should be proportional to the power of the excited ·surface wave
X .
We notice that the output I(w) versus k is a Lorentzian. Its maximum X appears at the point where the phase matching condition kx = klx + k 2 x = K' is satisfied. This corresponds to resonant excitation of the surface x· wave at K'(w). The Lorentzian half-width on the other hand is described X by the damping constant K" of the surface polariton wave.
X
We were interested in studying surface exciton-polaritons in ZnO by
the nonlinear excitation method described above. We chose w 1 = w 2 in our experiment so that only one exciting laser beam was needed. Our experimental setup is shown in Fig. 1 . A Q-switched ruby laser was used to pump a dye laser generating a tunable laser beam at w 1 around 1.712 eV. the spacing is appreciably larger than the wavelength. We found, however, the output was independent of the spacing and was spread over a large solid angle. We have therefore concluded that surface roughness.
of the crystal was responsible for our observation. The crystal surface was first optically polished and then chemically etched in order to re- The ZnO crystal had its c-axis along x in the direction of the surface wave propagation. We studied only the surface polaritons associated with the c-exciton in ZnO. The dipole matrix element for the c-excitonic transition is allowed only for polarization parallel to the c-axis.
Therefore, using the single-oscillator model to describe the contribution of the c-exciton to the dielectric constant, we have
where wT is the transverse exciton frequency, r is the damping constant, We found that the dispersion curve K' versus w was rather insensitive to X r in the range between 0 and 5 meV, but K" versus w was a strong function X of r. By least-square fitting the experimental data points in Fig. 3 with the theoretical curves, we obtained £ 00 = 6.15 ± 0.01, wT = 3.421 ± 0.0001 eV, £ = 6.172 ± 001, and r = 0.25 ± 0.05 meV. As shown in Fig. 3 , serious discrepancy appears to be that our value of (E -E ) is a factor 0 00 of 1.7 lower. The larger value of (E -E ) has the effect of shifting 0 00 the dispersion curve upward by about 1 meV. We present in the following a discussion on 'the possible causes of our discrepancy even though we may question the accuracy of (E -E ) determined earlier by the linear 0 00 reflection method. 8
(1) Surface roughness responsible for the radiation damping of surface polaritons may lead to a downward shift of the dispersio~ curve.
This has been shown theoretically and experimentally for surface plas-6 mons.
The shift can be of the order of 1 meV for surface pits with a mean size of a few hundred A. Since surface roughness was instrumental in pur observation of surface polaritons, it could be the major cause of our discrepancy. (2) Surface contamination also leads to a downward shift of the dispersion curve. However, we believe our etched sample surface was not sufficiently contaminated to cause any appreciable shift.
Our measured dispersion curve is also about 2 meV lower than the one measured by Lagois and Fischer using the ATR method. 2 We have not been able to find any good reason to resolve the discrepancy. It is somewhat difficult to deduce from their report the accuracy of their K' measure-. the data points, but it cannot explain the discrepancy. Their sample was in cold helium gas at -8° K while our sample was immersed in liquid helium at 2° K. Since the dielectric constant of liquid helium is 1.058, 10
our surface polariton dispersion curve should be down-shifted from theirs by-1 meV, but not as much as 2 meV. Finally, we expect that surface roughness would shift the dispersion curve as much in their case as in our case since their surface treatment of the sample was similar to ours.
More work with controlled surface roughness is needed to resolve this discrepancy.
In conclusion, we have demonstrated here that nonlinear optical excitation can be used to study surface exciton-polaritons. This is the first time the damping parameters of surface exciton-polaritons were directly measured. The results enable us to deduce also the properties of bulk exciton-polaritons. Compared with other methods, ours is more straightforward and yields direct information. Surface roughness was responsible for our present observation. With controlled surface conditions, one should be able to use this technique to study the surface effects on surface exciton-polaritons in quantitative detail.
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